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In conducting the research described in this report, the investigators adhered to
humane animal experimental procedures.

The volunteers in these tests were handled in accordance with principles, policies,
and rules analogous to those established in AR 70-25.
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1 vgs% \ TUE COMPARATIVE EFFECTIVENESS OF

FOUR RIOT CONTROL AGEUTS (U)
(U) ~The nced of dispelling riotous mobs without causing casualtics

has led to the study of several chemical substances which have harassing

(v}

-or Lncapacitating properties when inhaled.

(C) 'This roport includes dota on the {nhulation toxicity in labo-
ratory animals and the tolerable or incapucitatiny dosage in mun of Civ,
DM, BA 1778, and EA-1779.

(C) Toxiclity dcterminations werc conducted on the mouse, rat, and
guinea nig by exposin;; them to the agents for various poriods of time,
ranging from 15 to 60 minutes at concentrations from 50 to 4000 mg./@?
Periodic samples of the chamber atmosphcre were analyged for airbormne
cuncentrations. The toxicity of {nhaled riot éonttoi agents for labora-

tory animals is surnmarized, in Table 1.

TABLE 1 (C)

Toxicity of Inhaled Riot Control Agents
Expressed Dosc x 1000 = mg.min./m3

Minimum
Agent Specles LCg 50* Lothal Dose

)] Mouse ko] 1

Rat 3 1.2

Guinca Pig IX.S 3.5
BA 1778 Mousec 28

Rat 6p 15

Guinea P{g 20 10
EA 1779 Mauese 35 23

Rat 18 8.2

Cuinea Pig g.8 6.9

f‘Ill:;ullzi.ply all vnlu::o:;elOOO —54 R Ru".m:w 355

(U) The human expopures were made in fwq phases. Ip the firsy
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phase, tiie subjects were allowed to breathe the agent from a 200 liger
dynamic flow chamber through a face mask so that the eyes, nose, and
mouth were exposed to tha aerosol or vapor. By this technique we at-
tempted to ent;blioh a concentration of the ngcnt.vhtch would be intol-
ersble. The second phase of the experiment consisted of total budy ex-

posures of the voluntecrs in 8 20 w3 chamber.

(U) 1In both sets of experiments the same instructions applied:

the valunteers kept on the gas mask, or remained in the chamber, until

. the exposure became {ntolerable. When, in their judgment, the intoler-

able level was reached, they were free, without any prompting from the
observers, to take off the face mask or to leave the chamber, as the case
may be. If, however, the volunteers ware able to tolerate the agents for
an indefinite period of time, the saxposure was terminated at a predeter-
mi{ned time which would not exceed the maximum allowabls concentration as
setup for this experiment. Samples of the atmosphere for analysis were
caken during each exposure to determine the actual lﬁtol.r.blo level for
each subject.

(U) Each volunteer had s complete history and physical sxamination

including s chast X-ray. Any person with a history of any allergy or

pulmonary pucﬁology vas not used in the experiment.

(U) Afcer each exposure, the subjects were questioned and re-
exanined. In the total exposures in the large chamber the airway resist-
ence was measured using an A:chmometerl. The post-expoeure values were

compared to control values taken just prior to exposurs.

lnetrument developed by Dr. J. Clements, USA CWL, Directorate of Medical
Resesrch. )
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(U, The offcct of individuual riot control apents fn man 1s ghaown

{a Table 2.
TATLE 2 (C)

Effect of Riot Control Apgonts on Man
The Results Sunmarize Both Sets of Obscrvation

Concentratlon DA oy EA 1778 EA 1779
Min Max — _—
ng. /as* Nunmber Deciding the Agent Intolerable Within 30 Sec.
2 10 . 0/10 0/4 0/9 2/15
11 20 0/11 0/1 0/14 3/6
21 50 0/4 0/8 9/39 10/10
51 100 0/1 0/24 - 12/10
101 360 - 3/12 -
Number Deciding the Agent Intolerable Within 120 Sec.
2 10 0/10 0/4 0/9 6/15
11 20 1/11 1/1 7/14 5/6
21 50 0/4 2/8 20/39 10/10
51 100 1/1 3/24 - 12/12
101 360 - 9/12 - -
Persistence of the Incapacitating Signs - Min.
20 to 120 1 to 10 1 5 to 20
Time to Incapacitation - Scge.
30 to_180 25 to 300 10 to 180 5 to 60

*(C) NRaoeed on the molecular weight of these compounds 1 ppm is equivalent to
11.3 rems. /€ for DM, 6.3 ramg./l. for CN, 9.3 mag./1l., for BA 1778, and
7.7 mag. /1. for EA 1779. '

(C) DM caused minor symptoms during exposurc; the chicf onc was a
burning sensation in the airway., Upon exposure to fresh air, these synp-
toms were accentuated and new symptoms, including salivation, severe
cuughing and sncezing, became evident, persisting up to 2 hours. There
was one savere rcaction consisting of face flushing, trembling, profuse
swcating, scevere pain {n the chast, and uncontrollable coughing. This
lasted 20 to 25 minutes. The subjcct did not recover fully for several
hours. One person constantly developed laryngitis and another Aad pain in
the teeth. Signs of physical cxanlnation were negative, only a slight to

noderate conjunctivitis, lusting 5 to 20 minutes.
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(C) BA 1778 produced a burnin; scusation in the nnge with rhiunrrhea,

3

burning of the trachca which produced couphing and occaslonally hurnin;: of
eyes with lacrimation. The coughinpg somctiies becnne intolerable, canpce |
cially after oral brecathing. Lacrimation, salivatiou, and sweating ware
evident in the total body exposures, and nausea and voniting occurred in
two subjects who hud caten large meals just prior to exposure. Physical
examination revealed only a mild transicnt conjunctivitis; airway resist-
ance was not significantly changed. The agent is nonpersistent and symp-
toms were rapidly relicved in fresh air,

(C) EA 1779 produced burning of the cyes with lacrimation, {irrita-
tion of the nose, throat, and chest, ccughing, and difficult breuthing.
The latter symptom was the most scvere. During one exposure at a high
concentration (80 mg./nd) there was a devastating effect producing casuule
tics within a fow scconds with symptoms of vortigo, nauseca, voniting, Ine
pendins syncope, and inabflity tc open the cyes; thesc synptod usually
persisted about 5 minutes. Signs of profuse sweuting and scvere cone
junctivitie p;tlllted up to 1 hour. Airway resistance wos not signifi-
cantly altered. One person retained symptoms of }norextn, nausea, und
malaise for over 24 hours.

(C) Bafety factors for the riot control agents wore calculated as

follows:

Minimun Lothal Ct in the moet scnsitive animals , g fcey Factor
Effective Ct50 in man (t = 1 min or lces)

Onc minute exposures were used in oll calculations although somc exposurcs

woere terminated in 20 seconds. The values are shown in Table 3.

7

. - -
e . m— -

.o
—

SCONFIRENTIALD — UrioLMSSIFIED
e

oo

v




T TR R T LTNEERTRE R A Y T OPET UORTEREE Y T I T RTR O

E =22 GABERLED — UicLASSIFI

TAOLE 3 (C) .
Safcty Feetora far Riot Concrol Asents

- - —— et . v -

ML CL Effuctive Ct50  Safcty

_ Mot _Awipels . min_ ___ Facter
ngonin.d mgontn, /a9

A EA 1778 11,100 250 <270
A BA 1779 6,700 10 = 20 440
L) o 1,000 »1a0 Q0
| . ;
i, The safety factors {ndicate that EA 1779 could be used with preater ;
)
!

sufcety than the othor asents mentioned.

(C) Of the individual asents, EA 1779 {s the most potent wiad the

e
r
A,

fascest cetin: in nininel cffective duses, It hua tho wideet rarin of
safety, based on the ratio between the ninirwa lethal coneentration in

the woat aenaitive apecked of aulial and the vffective duge fu v, It

his the lindtacion that the {ncapacitatin: cffecta disappoar afeor a fou

o e e v g | .y — 7

~{nutes in fresh air., Voluntecrs have willin:ly subnitted to re-exnosure

S—
o
T

SN at conc:ntrations of 8 tu 16 n;.ln? (1 to 2 pim),
! _gﬁ{ : (C) Tests are Ln progress to deteraine the necessary concentratiun
y. and Ct of DM to produce persistent physiological offects. This Ct ap-

’. puars to be between 100 to 200 mg.nin./n?

-
am n bt i il Crnitt, oot B Vi itk st btk

P ' Mixktures pf Riot Control Agents
it (C) Sixteon unprotected men wero egposed to an aerosol contalning ; ]

.5 to 1 ppra cach of EA 1779 and M. This acrusol was ifutoler.ble to all

Y men within 20 to 55 scconds. They were ifncapacitated when onaercing from

the cloud. All recovered in lces than 5 minutes. Hone suffered per- ' |

-
[Pp—

sistont or dolayed effects. Althouzh reluctant, all were willing to be

re-gcxposed, Ton men carrylng protcctive masks were placed in the wind
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qnd eoptinue

wvearing the magka, Five men carrying protective aashks ran in Lrosh ~ir

until they were breathing hecavily, They ron inte the BA 1779-DM ucroaol

while hypeorventilatfu,. All were able to don and continue warlug th.

mask., Lack of pcraistent aijng aftoer cxposurc Lo an acragol contalute,

1 ppm cach of EA 1779 ond DI is fn disy,

creaaeint with Pritish Juta. The

villingnesas to boe rc=cxposed co cffective concentrations of EA 1779 also

B o A e e s S o

diffcrs f{rom Dritish fladings., The Aacrican volunteers were ungelecied

nen who were eollected from varlous Amay {nstallations. They had ne

sncctal trainin; Lo cheaslecal wurfare discinline,

(C) Dfirectoruatc of ifedical Rescurch plans to cuntinuce a study of

mixturces of EA 1779 and DM. The objective {8 to obtain an acrousol which

will have the speed and cffcctiveness of EA 1779 and the persistoncy of

DM. It 48 further hoped that EA 1779 might act as a aafety valve and

prevent overexpnaure to the more toxic DM, This would wake an {deanl

.;'; agent. Indications at this state of development indicate that an acrosol

of 1 part R’ 1779 and 10 to 15 parte DM mijpht be roquired. There ie the
possibility thac the hoped for combination (s not possible.
(C) 1If a suitoble nixture L{s not obtainable thon EA 1779 usod alone

o would be the most offactive and fastest actin; riot control or tncapacitac-

ing agent avallable for voc against unprotocted troops.
b

. duration of action could be overcomc by continued dispersion. This agent

should bc used in low concentration, 1 to 2 ppn. At this concentration

the cloud is invisible to the noked eye. If appecars that the effective-
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{ nass of this agent would be neutralized by protcctive masks. ' '
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